Abstract To date, there is a limited understanding of the role of the airway microbiome in the early life development of respiratory diseases such as asthma, partly due to a lack of simple and minimally invasive sample collection methods. In order to characterize the baseline microbiome of the upper respiratory tract (URT) in infants, a comparatively noninvasive method for sampling the URT microbiome suitable for use in infants was developed. Microbiome samples were collected by placing filter paper in the nostrils of 33 healthy, term infants enrolled as part of the Infant Susceptibility to Pulmonary Infections and Asthma Following RSV Exposure (INSPIRE) study. After bacterial genomic DNA was extracted from the filters, amplicons were generated with universal primers targeting the V1-V3 region of the 16S rRNA gene. This method was capable of capturing a wide variety of taxa expected to inhabit the nasal cavity. Analyses stratifying subjects by demographic and environmental factors previously observed or predicted to influence microbial communities were performed. Microbial community richness was found to be higher in infants who had been delivered via Cesarean section and in those who had been formula-fed; an association was observed between diet and delivery, which confounds this analysis. We have established a baseline URT microbiome using a non-invasive filter paper nasal sampling for this population, and future studies will be performed in this large observational cohort of infants to investigate the relationship between viral infections, the URT microbiota, and the development of childhood wheezing illnesses.
Introduction
The human microbiome (i.e., all the microbes colonizing the human body) is recognized as playing a fundamental role in maintaining host health [1] . Epidemiological studies have established an association between exposures that can lead to an abnormal microbiome in early life (e.g., mode of delivery, use of antibiotics in utero or during infancy, and non-farm living) and an increased risk of asthma [2, 3] . The use of nextgeneration sequencing (NGS) technology to sequence conserved bacterial genes has led to a rapid increase in knowledge about the complex relationships among commensal microbial communities and host health [4, 5] .
While the intestinal microbiota has been extensively sampled [6] , comparatively few studies have characterized the Electronic supplementary material The online version of this article (doi:10.1007/s00248-015-0663-y) contains supplementary material, which is available to authorized users.
upper respiratory tract (URT) microbiome. Further research on the URT microbiome is warranted because this microbial community is thought to play a role in the development of allergy and asthma through modifying airway mucosal inflammation and as a stimulator of immune regulation [7] . Culture-based studies have found that colonization of the URT in neonates with known pathogens, such as Streptococcus pneumoniae, Haemophilus influenzae, and Moraxella catarrhalis, may increase the risk of subsequent development of childhood wheezing illnesses [8, 9] , while cultureindependent methods have demonstrated a perturbation of the microbial community in adult asthmatic patients [10] [11] [12] . Bacteria are not the only microorganisms that inhabit the URT. Respiratory viral infections during infancy have been linked to the development of subsequent childhood wheezing and asthma later in life [13] [14] [15] [16] . Viruses are capable of disturbing the airway microbiome through several possible mechanisms; conversely, the microbiome can alter host immune response to viral infections [17] . Therefore, additional studies of the infant URT microbiome are needed to better characterize typical microbial communities and their colonization patterns over the first few months and years of life, as well as to elucidate the influence of interactions between respiratory viruses and the microbiome on the risk of childhood wheezing illness.
In order to characterize the microbiome of the infant URT, we utilized a minimally invasive sampling method suitable for use in infants, which we have used to establish the baseline nasal microbiome of a cohort of middle Tennessee infants enrolled as part of the Infant Susceptibility to Pulmonary Infections and Asthma Following RSV Exposure (INSPIRE) study [18] . The use of filter paper is safer and less invasive than nasal lavage or swab in infants and has been used in other early life studies [19] . The objective of this study was to determine if this sampling technique is capable of capturing the wide variety of microbes that inhabit the URT. The confirmation of a valid method of microbiome analyses using a minimally invasive sampling method will facilitate a greater understanding of the longitudinal changes in the respiratory microbiome by facilitating early time point of sampling and aid in furthering our understanding of the link between the airway microbiota and the subsequent development of asthma in children.
Materials and Methods

Study Population
INSPIRE is an observational population-based longitudinal birth cohort study of previously healthy, term infants enrolled near birth with surveillance and capture of respiratory illnesses during their first winter viral season. Yearly follow-up to assess the development of childhood wheezing illnesses (including asthma) is ongoing. Eligible infants were born between June and December so that they were on average ≤ 6 months of age during their first winter viral season. Informed consent was obtained from the legal guardians of each infant. All procedures were in accordance with the ethical standards of the Vanderbilt University Institutional Review Board and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. Demographic and environmental data, including factors expected to influence the URT microbiota (such as age, sex, race and ethnicity, mode of delivery, breastfeeding, in utero or early life exposure to antibiotics, and household pets), were recorded at the time of enrollment. Nasal filter paper samples were also obtained at enrollment in a subset of infants as described below. The first infants enrolled during the second year of INSPIRE (2013-2014) with available nasal filter paper samples (n=33) were selected for this analysis.
DNA Sampling and Extraction
The nasal microbiome was sampled by placing a dry filter paper, a 3 × 15-mm synthetic absorptive matrix (SAM) (Leucosorb B™, Pall Life Sciences, Port Washington, NY), approximately 5-7 mm into each of the infants' nares laterally against the anterior portion of the inferior nasal turbinate and then pressing against the outside of the nose with a finger to push the paper laterally and absorb the nasal fluid. The filter paper was left in each nostril for 2 min and removed with forceps or a gloved hand and placed into a sterile container and stored immediately at −20°C and then transferred to −80°C freezer within 24 h. Microbial cells were lysed enzymatically and thermally. DNA was extracted from lysed cells through two phenol/chloroform/isoamyl alcohol extractions [20] . Genomic DNA was cleaned by isopropanol precipitation. Further details on the extraction protocol can be found in the Online Supplement.
16S rRNA Gene Profiling by 454 Pyrosequencing
The V1-V3 hypervariable region of 16S rRNA was targeted using primers 27F/534R. Primer sequences can be found in the Online Supplement. Amplicons were generated with Platinum Taq polymerase (Life Technologies, Grand Island, NY) using the following cycling conditions: 95°C for 5 min; 35 cycles of 95°C for 30 s, 55°C for 30 s, and 72°C for 30 s; and a final extension step at 72°C for 7 min. Amplicons were cleaned using the QIAquick PCR Purification Kit (QIAGEN, Valencia, CA), as per the manufacturer's instructions, with an additional drying step after the ethanol wash to ensure complete ethanol removal. Purified amplicons were quantified using SYBR Green (Life Technologies, Grand Island, NY) on a Synergy HT plate reader (BioTek, Winooski, VT), normalized, and pooled. The template was subjected to emulsion PCR, and pyrosequencing was performed at the J. Craig Venter Institute on a 454 sequencer using FLX-Titanium chemistry (Roche, Branford, CT).
Data Analysis
A mothur-based [21] automated 16S annotation pipeline, YAP, was used to perform the initial processing of the 16S rRNA gene datasets [22, 23] . YAP is a distributed workflow wrapper designed at JCVI that executes a sequence of commands described in the mothur standard operating procedure for 454 reads [24] (http://www.mothur.org/wiki/454_SOP). For operational taxonomic unit (OTU)-based analyses, OTUs were clustered at 97 % sequence identity [25] . The outputs of this annotation are mothur-generated sequence count matrices describing the observed abundance of taxa at different ranks of the taxonomy in each sequencing sample as well as OTU abundance. OTUs are also labeled with the lowest level of the consensus taxonomy of their constituting sequences.
These count matrices were analyzed with our opensource analysis package MGSAT [26] . MGSAT is written in R. It applies several types of statistical tests, normalizations, and plotting routines to the abundance count matrices that are typically the output of annotating (meta) omics datasets, and it generates a structured HTML report that, in addition to results, shows method parameters and versions of the external packages. The user has fine-grained control over types of tests, parameters, and a description of a study design through a data structure that is provided as input to the top-level routine of the package.
We have applied several analysis methods at each level of the taxonomy and at the 97 % OTU clustering level. Applying different statistical tests and ranking methods allowed us to assess their qualitative agreement, important for these multivariate datasets with likely correlated features. Each row of the abundance count matrix corresponds to a single microbiome sample and forms a multivariate observation (also addressed as Babundance profile^) that might be further transformed as described for a specific step in the analysis. Individual taxa or OTUs correspond to columns of the corresponding abundance count matrix and are referred to as Bfeatures^or Bpredictors.T he following methods were used: ranking of features by differential abundance, comparing overall dissimilarity between taxonomic abundance profiles, analysis of richness to estimate OTU and genus counts and analysis of diversity to estimate richness and evenness, and independent filtering. They are discussed in detail in the Online Supplement.
Results
Use of Filter Paper to Collect Nasal Microbiome
The microbiota of the URT of 33 infants enrolled in the IN-SPIRE study was profiled. Characteristics of these study subjects can be found in Table 1 . Each infant was sampled at a single time point. Infants were evenly sampled by sex and the majority of infants were non-Hispanic and white, between 5 and 140 days old at the time of sample collection, and with a mean age of 51 days (standard deviation=40.110). A small proportion (6.061 %) had received antibiotics since birth; however, nearly 40 % had been exposed to antibiotics in utero. Approximately a quarter had been delivered by Cesarean section, and nearly two thirds had been breastfed. Infants who were breastfed were more likely to have been delivered vaginally (χ 2 test, p value=0.044). Cesarean-delivered infants were an average of 37 days old compared to vaginally delivered infants at 55 days. Formula-fed and breasted infants were on average 47 and 53 days old respectively. The difference in age was not statistically significant when the cohort was stratified by either delivery mode or feeding type.
After extracting bacterial genomic DNA from the nasal filters, samples were pooled and sequenced using pyrosequencing. A total of 809,854 raw reads were obtained, with an average read length of 387 bp, and a total of 477,553 sequences, with an average read length of 258 bp, were retained after quality filtering and trimming. On average, each sample was represented by 14,471 sequences, with a range of 2,617-21,098 sequences per sample (Table S1 ). All the OTUs were clustered at 97 % similarity; the Good's coverage for all samples was greater than 98 %. Based on the high Good's coverage scores and the minimum sequence per sample count, all samples were considered to be sequenced to an acceptable depth and therefore were retained for further analysis. On average, each sample was represented by an estimated 62 OTUs at 97 % similarity clustering, with a range of OTUs per sample when rarefying each sample to the lowest sample sequence count (2,617) to control for uneven sequencing depth.
Overall, the nasal microbial community of this population was dominated by the Firmicutes (53.501 %), Actinobacteria (30.608 %), Proteobacteria (12.221 %), and Bacteroidetes (3.510 %) lineages, with all other phyla, represented at <1 % relative abundance. A total of 328 different genera were identified, with the most highly represented genera being Corynebacterium (28.430 %), Streptococcus (21.912 %), Staphylococcus (20.426 %), Dolosigranulum (5.548 %), and Moraxella (4.380 %) (Fig. 1) .
Effect of Sex, Age, Race, and Ethnicity on the Infant Nasal Microbiome Infant sex or ethnicity was not significantly associated with the nasal microbial community in this population. Both abundance-based (computed within each microbiome sample) and incidence-based (computed based on presence across samples) OTU richness tended to decrease with age, based on abundance-based inverted Shannon index, inverted Simpson index, Chao1, observed OTUs and the incidencebased Chao, first-order jackknife, and bootstrap indices, although this trend was not statistically significant for any calculated index. The abundance of Granulicatella (base mean= 40.765, log 2 fold change = 0.050, q value = <0.001) and Porphyromonas (base mean = 30.889, log 2 fold change = 0.051, q value=0.002) was found to increase with age using the DESeq2 test. Overall abundance of both of these genera was low, and the observed increase in age appears to be mostly due to two of the older infants within the cohort having relat i v e l y h i g h a b u n d a n c e s o f G r a n u l i c a t e l l a a n d Porphyromonas. Granulicatella was ranked first, tied with Moraxella, and Porphyromonas was ranked third by the feature selection probability protocol, with probabilities of selection into the model at 0.55 and 0.53, respectively. Incidenceand abundance-based richness indices tended to be lower in white enrolled infants compared to non-white enrolled infants; however, this trend was not found to be statistically significant.
Effect of Mode of Delivery on the Infant Nasal Microbiome
At the 97 % OTU clustering level, the infant nasal microbiome was found to be of higher richness for those that had been delivered by Cesarean section. An abundance-based estimate of the number of observed OTUs (after rarefaction as described in BMaterials and Methods^) was significantly different between groups defined by the delivery mode (p value= 0.029, coefficient=−25.57) but Chao1 was not (p value= 0.079, coefficient =−32.72). Both Shannon and inverted Simpson diversity indices (expressed as Hill numbers N 1 and N 2 ) were significantly lower for the vaginally delivered group (p values=0.006, 0.013; coefficients=−6.709, −3.419).
At the OTU level, incidence-based richness was higher for the Cesarean delivery mode (Fig. 2a) . The Adonis test for the association between beta-diversity and delivery mode was significant (p value=0.021, R 2 =0.057), while the betadisper test was not significant (p value=0.292); together, these data indicate an overall compositional dissimilarity between groups defined by the mode of delivery when only the presence of OTUs was considered. However, when using the abundance-based Bray-Curtis index for profiles composed of more abundant OTUs that passed independent filtering as described in BMaterials and Methods^(71 OTUs in total) and normalized to proportions, the Adonis test was not significant (p value=0.147, R 2 =0.044), indicating that the estimate of compositional difference is sensitive to the contribution of low-abundant species.
Infants that had been delivered by Cesarean section had a larger relative proportion of Firmicutes (base mean = 10, 039.72, log 2 fold change=−0.207) and a lower relative abundance of Actinobacteria (base mean=9,409.75, log 2 fold change=1.674) compared to the vaginally delivered group. Corynebacterium made up a large proportion of the Actinobacteria and were of higher relative abundance in the vaginally delivered group (base mean=11,000, log 2 fold change=2.047); within the Firmicutes, the highly represented Staphylococcus were of higher relative abundance in the Cesarean section group (base mean=2,746, log 2 fold change= −0.755) (Fig. 1b) . However, the differences in relative abundance of these taxonomic groups by delivery mode were not statistically significant according to both the DESeq2 Wald test and the Wilcoxon rank-sum test after multiple testing adjustments. While overall Corynebacterium abundance did not differ by delivery mode, the abundance of two OTUs identified as Corynebacterium was significantly different according to the DESeq2 Wald test (OTU 0114 base mean=501.7, log 2 fold change=6.847, q value<0.001; OTU 0993 base mean= 2.614, log 2 fold change=3.335, q value=0.002). The genus Novosphingobium, although not passing the significance q value cutoff in the DESeq2 analysis, was ranked second, after Bacillus, according to the test statistic value; it was also ranked first by the feature stability selection protocol (with Bacillus ranked second), having a probability of selection into the model of 0.68.
Clustering based on the genus abundance profile was observed based on delivery mode (Fig. 2b) . Two main clusters can be seen that correlated with richness; the microbiome of Cesarean-delivered infants clustered into the group with higher richness. The majority of vaginally delivered infants clustered to the group with lower richness. However, a significant number of vaginally delivered infants also clustered with the higher richness group. The higher abundance of Corynebacterium found in vaginally delivered infants can be observed and appears to be a factor in the cluster pattern. High abundance of either Streptococcus or Staphylococcus was found in a subgroup of vaginally delivered infants, with a relatively high genus richness, and clustered with the Cesarean-delivered infants.
Effects of Diet, Antibiotic Use, and the Presence of a Pet in the Household on the Infant Nasal Microbiome
The infant nasal microbiome was found to be of higher richness at the genus level for those that had been formula-fed. However, no significant associations between richness or diversity and breastfeeding status were found at the 97 % OTU clustering or genus levels. Because there was an association between vaginal delivery and breastfeeding, either one or both of these factors may be contributing to the observed decrease in richness for the breastfed, vaginally delivered group. Moraxella was of higher relative abundance in the formulafed group and was the only genus that was significantly associated with breastfeeding when tested using the DESeq2 analysis (q value=0.003, base mean=18.57, log 2 fold change= 4.946); however, there was no difference in Moraxella relative abundance by diet according to the Wilcoxon rank-sum test.
At the genus level, maternal use of antibiotics during pregnancy was not found to correlate with richness or diversity. At the 97 % OTU level, neither incidence-nor abundance-based richness was associated with maternal antibiotic use. The betadisper test was significant (p value=0.020), while the Adonis test was not (p value=0.785, R 2 =0.024), indicating that, while the taxonomic profile of the two groups was not significantly different, the variance within each group was not homogenous, with the microbiome appearing to be more variable in infants whose mothers had not received antibiotics. Although the overall taxonomic profile between the two groups did not appear to differ, Moraxella abundance was higher in infants whose mothers had received antibiotics during pregnancy when tested using DESeq2 (base mean = 34.4966, log 2 fold change=−6.411, q value<0.001), but its abundance was not significantly different by the Wilcoxon rank-sum test.
Further, the abundance-based estimate Chao1 was significantly different between groups defined by the presence of a pet in the household (p value = 0.050, coefficient=−31.86), but the number of observed OTUs after rarefaction was not (p value=0.421, coefficient=−8.449). Neither Shannon nor inverted Simpson diversity indices (expressed as Hill numbers N 1 and N 2 ) were significantly different by the presence of a pet (p value=0.585, 0.616; coefficient=1.234, 0.632).
Discussion
At the phylum level, the taxonomic profiles in the present study with nasal sampling by filter paper largely corroborate previous research of the human nasopharyngeal microbiome [27] [28] [29] [30] , although differences in the population studied, sampling methods, DNA extraction protocols, amplification primers, and data processing pipelines preclude direct comparisons. Over 300 genera were identified using this method, suggesting that filters are an adequate replacement for nasal washes or swabs because they are able to both broadly replicate the findings of previous studies and are also capable of capturing a wide variety of bacterial taxa. We were able to detect taxa previously reported to commonly inhabit the nasal cavity, including Propionibacterineae, Corynebacterineae, Micrococcineae, and Staphylococcus [27] [28] [29] .
To further validate our method, we attempted to replicate previously observed trends at a finer taxonomic level. A difference in the nasopharyngeal microbiomes of 6-week-old infants who were breast-or formula-fed has been previously described: Dolosigranulum and Corynebacterium were of The Chao, first-order jackknife (jack1), and bootstrap (boot) indices were calculated after rarefying each sample to the minimum sequence count multiple times (n=400) and averaging the results. Taxonomic richness at the genus level was consistently higher in the nasal microbiota of infants who had been delivered via Cesarean section. b Heatmap of abundance profiles at the genus level. Infant age, in days, and delivery mode are labeled for each sample. Two clades emerge, colored green and orange. Clustering due to delivery mode can be observed higher abundance and Staphylococcus, Prevotella, and Veillonella were of lower abundance in breastfed infants [ 3 1 ] . A n a s s o c i a t i o n o f D o l o s i g r a n u l u m a n d Corynebacterium colonization with breastfeeding has been confirmed in a second study [32] . With the exception of Staphylococcus being observed at a slightly higher abundance in the breastfed group, we observed similar trends in genus level abundances as described above by Biesbroek et al. [31] . Although none of the differences in relative abundances of genera were of statistical significance in our study, this may be attributed to relatively low power due to the small sample size in this analysis. Future research with a large cohort will be necessary to determine the strength and/or validity of these diet-based trends in this population. The observed higher abundance of Moraxella in the formula-fed group in our study may have implications for infant health because M. catarrhalis has been established as an important respiratory pathogen [33] . However, an association between colonization by M. catarrhalis and diet was not discovered in a cohort of Dutch children [34] . The length of sequences obtained in the present study does not allow us to identify taxa down to the species level; therefore, we cannot determine what proportion, if any, of the Moraxella we observed in this cohort are potential pathogens.
A number of studies have established that mode of delivery affects the taxonomic composition of the microbiota of infants [35] [36] [37] [38] , with the newborn microbiota reflecting the mother's skin microbiome for Cesarean section deliveries and the mother's vaginal microbiome for vaginal deliveries [35] . Infants delivered via Cesarean section have been found to have a lower diversity [36, 37] and richness [38] of their gut microbiota than those delivered vaginally. In contrast to what has been observed in the gut, we identified a higher taxonomic richness and diversity of the nasal microbiome in infants that had been delivered by Cesarean section. This difference could be due to the site of sample collection. The nasal microbiome may be more likely to be biased by transient bacteria compared to the gut microbiome; the total bacterial load in the airway is orders of magnitudes lower than that of the gut [39, 40] . Thus, the potential bias of transient bacteria is expected to be more pronounced within a lower biomass environment. This bias may be especially pronounced in the Cesarean section-delivered subjects, as the increased richness in infants delivered by Cesarean section could be due to PCR amplification of these transient air-borne non-colonized bacteria from the nostrils. In contrast, the nasal microbiome may be more stable in the vaginally delivered group, if colonization by commensals occurs earlier. At the phylum level, the taxonomic profile of the nasal microbiome of infants delivered vaginally more closely matched the previously observed nasal microbiome profile of adults [28, 29] than did the microbiome of those that had been delivered by Cesarean section, supporting the hypothesis that the nasal microbiome of vaginally delivered infants may be more representative of an environment that has been successfully colonized by stable commensals. Further gene expression, metagenomic sequencing, or sampling the same subject at multiple time points would be needed to discriminate between transient and commensal bacteria within the nasal passage of this cohort.
Those that had been delivered via Cesarean section tended to have a higher proportion of Firmicutes, at the expense of Actinobacteria, compared to adults [28, 29] and to the vaginally delivered infants in this study. A large proportion of the Actinobacteria in this cohort was classified within the genus Corynebacterium, and indeed, the relative abundance of Corynebacterium was found to be higher in the nasal microbiota of vaginally delivered infants compared to Cesareandelivered infants. In healthy adults, the Corynebacterium tend to dominate the nasal microbiota and may play a role in maintaining host health through the inhibition of Staphylococcus aureus growth [41] and colonization [42] . We observed a higher abundance of Staphylococcus in the Cesareandelivered group (Fig. 1b) , supporting the hypothesis that Corynebacterium species may be capable of suppressing Staphylococcus growth as observed by others. Although the differences in relative abundance of Staphylococcus and Corynebacterium by delivery mode were not found to be statistically significant in this study, we did observe two Corynebacterium OTUs at statistically higher relative abundance within the vaginally delivered group. Our reads were of insufficient length to identify at the species level; it is possible that the delivery mode affects species within the Corynebacterium differently. The possible inhibitory effect of Corynebacterium on Staphylococcus warrants further examination within a larger cohort to better understand how interactions between members of the microbiota influence host health.
We also found that Novosphingobium was ranked as the second or first differentially represented genus depending on t h e r a n k i n g m e t h o d . R e p r e s e n t a t i v e s o f g e n u s Novosphingobium, which is often found in the external environment, have been recently found to be differentially more abundant in the lungs of patients with advanced stages of chronic obstructive pulmonary diseases (COPD), and the species have been shown to elicit inflammation in COPD mouse models [43] . Cesarean section delivery is known to be associated with a significantly higher risk of developing asthma [44] . Therefore, the possibility of early Novosphingobium colonization to be either a causative factor or prognostic marker for lung-related diseases later in life is worth further investigation.
In this study population, we observed that infants who had been delivered by Cesarean section were less likely to have been breastfed, an association that has been documented previously [45] [46] [47] . The impact of formula feeding and a Cesarean section delivery on the infant's microbiome is an active area of research, and each has been linked to alterations in the microbial community profile [31, 38, 48] and to an increased risk in immune-mediated diseases [44, 49] ; as such, they are potential targets for early disease prevention interventions [50] [51] [52] . Given the apparent confounding relationship between these two variables, it should be considered that any observations in changes to microbial profiles associated with diet or delivery mode may be due to one, both, or an interaction between these two factors.
Initial colonization of the respiratory tract by commensal microbes and the temporal dynamics of the microbiome, especially in early childhood, are not yet fully understood but are of interest in understanding how alterations to the microbial community may predispose individuals to the development of immune-mediated diseases. The level of temporal variability of the nasal microbiome is not completely understood: in adults, a longitudinal study has shown the nostril microbiota to be relatively stable over time around a baseline mean [29] , while another longitudinal study of two time points found the anterior nares to be highly variable between time points [53] . The respiratory microbiome was found to be moderately stable in young children, especially those with high abundances of Moraxella [32] . Our results suggest a gradual increase in stability of the nasal microbiome with age: the observed apparent decrease in richness with older age may be the result of stable commensal groups successfully colonizing the nasal environment, thus allowing fewer transient airborne bacteria to be randomly captured during sampling efforts. However, it should be noted that for this analysis, while we sampled infants of various ages, each subject was sampled at only a single point in time; therefore, we are limited in what we can infer about typical colonization and succession patterns within this population. Further studies of the infant microbiome, especially longitudinal studies that sample the same infant at multiple time points, will be necessary to more fully understand typical bacterial succession patterns that occur after birth and how environmental factors and respiratory viruses may disturb that microbial community.
With this analysis, we aimed to first confirm the validity of an alternate, less invasive sampling method that is suitable for use in very young children to measure the nasal microbiota and secondly to establish a baseline of the infant nasal microbiota within the INSPIRE cohort. This filter paper method of sampling the nares will be useful for characterizing the infant nasal microbiota to investigate patterns related to health and disease and for better understanding the effect of diet, delivery method, and other environmental and demographic factors on the airway microbiome. The observed increase in taxonomic richness in infants who had been formula-fed and delivered via Cesarean section may have implications for host health. We will use these methods to examine the relationship between the infant nasal microbiome, viral respiratory illnesses, and the subsequent development of wheezing illnesses within the large prospective INSPIRE birth cohort.
